Abstract: Objectives: To assess prevailing food patterns, and its association with physical activity and fitness among Spanish older adults. Methods: Cross-sectional study in Spain, collecting data from a sample (n = 380; 54% female) aged 55-80 years (men) and 60-80 years (women) with no previously documented cardiovascular disease. Body weight, body fat and waist circumference were assessed. Physical activity performed was measured using the Minnesota Leisure-time Physical Activity Questionnaire (LTPA). Physical fitness was assessed using a validated physical fitness test battery. Food consumption was assessed by a validated semi-quantitative food-frequency questionnaire. Factor analysis identified two major dietary food patterns: "Western" (WDP) and "Mediterranean" (MDP) dietary patterns. Results: Participants in MDP's fourth quartile were classified in the second (men) and third (men and women) tertile of LTPA. After adjusting for age, body fat, waist-to-height ratio, and METs, in both sexes, a negative significant association was found between 30-s Chair stand and 6-min walking test, a positive significant association was found between 30-m Gait speed and 8-foot Time Up-and-Go (except in men) tests with WDP. The 30-m Gait speed test was negatively associated with MDP in men. Conclusions: MDP is associated with more time spent on LTPA, and this association was independent of body composition and a fast gait speed in men. WDP is associated with slower gait speed and lower body strength, agility and aerobic endurance. MDP has protective effect on healthy physical fitness, and WDP may be a contributor to frailty.
Introduction
Between 1990 and 2010, global consumption of healthier foods and nutrients has modestly increased; however, consumption of unhealthy foods and nutrients has increased to a greater extent during the past two decades [1] . Emerging evidence suggests that low intake of certain micronutrients and protein could be a risk factor for frailty [2, 3] . Several studies also found that adherence to the Mediterranean diet (MD) [4] [5] [6] [7] or higher scores on the global dietary quality index [8, 9] were associated with a lower risk of frailty or some of its components. Lately, significant positive associations between MD and percentage of free fat mass and leg explosive power has been demonstrated in healthy women, emphasizing the role of diet quality on the prevention of age-related loss of muscle [10] .
Methods

Study Design, Population and Ethics
The sample consisted of 380 participants (54% women) engaged in a cross-sectional study conducted from 2013 to 2014 into two different areas (Balearic Islands and Madrid) investigating the effect of the lifestyle factors on health of older adults living in Spain. Men aged between 55 and 80 and women aged between 60 and 80 were recruited in social and municipal clubs, health centers and sport clubs. Exclusion criteria included being institutionalized, suffering from a physical or mental illness which would have limited their participation in physical fitness or their ability to respond to questionnaires, chronic alcoholism or drug addiction and intake of drugs for clinical research over the past year. The study was conducted according to the guidelines of the Declaration of Helsinki, and all procedures were approved by the Ethics Committee of the Technical University of Madrid. Written informed consent was obtained from all participants.
Socio-Economic Determinants
A validated questionnaire [21] including the following questions was used: age, marital status, educational level, and income. Data were grouped in binary categories as follows: (a) marital status: uncoupled (single, unmarried, divorced or widowed), and coupled (i.e., including married and unmarried, divorced or widowed actually living with a partner); (b) educational level: primary and secondary, or college-level education; and (c) income: <900 €/month, and ≥900 €/month.
Body Composition
Anthropometric measurements were performed by well-trained observers to minimize the inter-observer coefficients of variation. Height was determined using a mobile anthropometer (Seca 213, SECA Deutchland, Hamburg, Germany) to the nearest millimeter, with the participant's head maintained in the Frankfort Horizontal Plane position. This plane is defined as passing through the tragion (center of the ear hole) of each ear and the lowest point of the interior ridge of each eye. Body weight and body fat were determined using a Segmental Body Composition Analyzer (Tanita BC-418, Tanita, Tokyo, Japan). The participants were weighed in bare feet and light clothes, and subtracting 0.6 kg for their clothes. Waist circumference (WC) was measured as the smallest horizontal girth between the costal margins and the iliac crests at minimal respiration using a flexible, non-extensible plastic tape with 0.1 cm precision (Kawe 43972, Kirchner & Wilhelm GmbH + Co. KG, Asperg, Germany). Weight and height measures were used to calculate body mass index (BMI, kg/m 2 ). Obesity was defined as BMI ≥ 30 kg/m 2 [22] . Overfat was defined according to Gallagher et al. [23] . WC and height measures were used to calculate waist-to-height ratio (WHtR). Abdominal-obesity was defined as a WHtR ≥ 0.5 [24] .
Dietary Patterns Derived from Food Consumption Data
Data on dietary intake were assessed using a validated semi-quantitative 137-item food frequency questionnaire (FFQ) [25] . For each item, a typical portion size was included, and consumption frequencies were registered in 9 categories that ranged from "never or almost never" to "6 times/day". Daily food consumption was estimated by multiplying the portion size of each food item by its consumption frequency. Identification of under-reporters of food intake was made using two non-consecutive 24 h diet recalls conducted any two-days of the week from Monday to Sunday to account for day-to-day intake variability. Volumes and portion sizes were reported with the aid of a book of photographs [26] . Conversion of food into energy intake (EI) and nutrients was made using a computer program (ALIMENTA ® ; NUCOX, Palma, Spain) based on Spanish [27, 28] and European [29] food composition tables, and complemented with food composition data available for Majorcan food items [30] . Licensed dietitians administered the recalls and verified and quantified the food records. Under-reporters (EI/basal metabolic rate <0.96) were not considered in the food dietary patterns analysis (n = 10) and the final sample comprised 370 participants [31] .
The 137 food items included in the FFQ were grouped into 50 predefined food categories. A factor analysis using the principal components analysis as a method of extracting factors was applied to these 50 categories in order to identify a reduced number of factors that could explain the maximum proportion of the variance from the original groups. The factors were rotated by orthogonal transformation (Varimax rotation) to achieve a simpler structure with greater interpretability. We selected 2 factors that had eigenvalues exceeding 2.5 on the scree-plot and accounted for 14.0% (8.35% + 5.66%) of the total variance. Our results agree with a previous report conducted in men aged 55-80 years and women aged 60-80 years from the Mediterranean area, where the 2 factors selected accounted for 13% of the total variance [32] . Food groups with absolute loading ≥0.250 were considered relevant factors of the identified patterns ( Table 1 ). The first factor (called "Western dietary pattern", WDP) was positively associated with frequent intakes of whole dairy products, meats (i.e., red meat, viscera, low fat processed meat, and high fat processed meat), seafood, potatoes, refined grain bread, rice, pasta, non-extra virgin olive oils, non-olive oils, bakery (i.e., homemade and also commercial bakery), chocolate, sugar, processed meals, sauces, spices, salt, and commercial juices; and negatively associated with low fat dairy products, white fish, and olives and extra-virgin olive oil. The second factor (called "Mediterranean dietary pattern", MDP) was positively associated with frequent intakes of white and blue-fish, canned fish/seafood, fruit, canned and dried fruit, jam, vegetables, potatoes, nuts, legumes, whole grain bread, rice, olives and extra-virgin olive oil, honey, and spices. For each pattern, each participant received a score coefficient. The factor score coefficients were estimated by the Anderson-Rubin method [33] , which produces uncorrelated scores with a mean of zero and a standard deviation of 1. A higher score indicated a higher adherence to the respective dietary pattern. 
Physical Activity
Physical activity (PA) data was estimated using the validated Spanish version of the Minnesota Leisure Time Physical Activity Questionnaire [34, 35] . This questionnaire, taken by interview with trained research assistants, measures leisure time physical activities (LTPA) including household activities, over the previous 12 months. This questionnaire was used to estimate PA levels by using metabolic equivalents of task (MET) [36] . MET are calculated by multiplying the intensity (showed by the MET-score) and the duration spent on that activity (measured in minutes). The MET-score can be derived from tables (the Compendium of Physical Activities) [37] that show the intensity of the activity relative to resting. MET-minutes spent on PA refer to the energy that is spent on activities, over and above existing levels of resting energy expenditure. The resulting quantitative MET for each participant were categorized into tertiles (T1: low, T2: medium, T3: high).
Physical Fitness
Fitness measurements included grip muscular strength, lower and upper body strength, agility/dynamic balance, gait speed, and aerobic endurance [38, 39] .
Grip muscular strength was measured using a digital handheld dynamometer (T.K.K. 5401 Grip-D; Takey, Tokyo, Japan). Participants were instructed to stand up-right with the dynamometer beside, but not against their body. Measurements were performed two times for each hand. The best of all attempts was used for performance analysis.
Lower body strength was assessed by the 30-s Chair Stand Test. The 30-s Chair Stand Test consists of standing up and sitting down from a chair as many times as possible within 30 s. Initially, participants were seated on the chair with their back in an upright position. They were instructed to look straight forward and to rise after the "1, 2, 3, go" command at their own preferred speed with their arms folded across their chest.
Upper body strength was assessed by the 30-s Arm Curl Test. On a signal, participants were instructed to flex and stand the holding hand weight (men: 4 kg; women: 2.5 kg) through the complete range of motion, as many times as possible in 30 s. Measurements were performed two times for each arm. The best of all attempts was used for further analysis.
Agility/dynamic balance was assessed by the 8-foot Time Up-and-Go test. Participants were instructed to rise from a chair without the use of arms, walk around the cone placed 2.45 m from the chair, and return to the original sitting position. Further instructions were to complete the test as quickly as possible and taking care not to run. Measurement was performed two times and the best attempt was used for analysis.
Gait speed was performed over 30 m at the participants' usual place. Participants were instructed to complete the test as quickly as possible, while taking care not to run. Measurement was performed two times and the best attempt was used for analysis.
Aerobic endurance was performed as the average of speed during a 6-min Walking test. Participants were instructed to walk at their usual pace around the cones placed 4.6 m apart.
Statistics
Analyses were performed with the SPSS statistical software package version 24.0 (SPSS Inc., Chicago, IL, USA). The resulting quantitative scores of both selected food group (dietary patterns) for each participant were categorized into quartiles. Characteristics and physical fitness of participants according to their quartiles of adherence to both dietary patterns were analyzed (Tables 2-5 ). Physical fitness results differed between genders (data not shown); accordingly, all these analyses were stratified by sex. The difference in prevalence across WDP and MDP quartiles was examined by using χ 2 (Tables 2-4). Logistic regression analysis was also used to examine the possible association between socioeconomic and anthropometric characteristics of participants (independent variables) and adherence to both selected dietary patterns, WDP and MDP (dependent variables) after adjustment for age (Tables 2 and 3) . We modeled the probability to obtain a higher score of WDP and MDP (fourth quartile vs. the others) reflecting a higher adherence to the respective dietary pattern. Logistic regression models were also used to examine the possible association between tertiles of LTPA (independent variables) and adherence to both selected dietary patterns (dependent variables) after adjustment for age, body fat and WHtR (Table 4) . Finally, differences in physical fitness score means (95% of confidence interval) according to both selected dietary patterns were compared using an analysis of covariance (ANCOVA) after adjustment for potential confounding factors (Model 1: age; Model 2: age, body fat, and WHtR; Model 3: age, body fat, WHtR, and METs) ( Table 5 ). In Model 1, the differences were established by the Bonferroni's post-hoc test for multiple comparisons. A p value ≤ 0.05 was considered statistically significant. 
Results
The characteristics of participants by quartiles of the WDP and the MDP stratified by gender are shown in Tables 2 and 3 , respectively. Participants with a higher adherence to the WDP (fourth quartile vs. the others) were more likely to be men. Men with a higher adherence to the WDP were more likely to have a primary or secondary-level education. Moreover, women with a higher adherence to the WDP were more likely to have an income <900 €/month. Participants with a higher adherence to the MDP were also less likely to have abdominal obesity.
No significant association was found between the WDP and the LTPA practice (Table 4) . However, participants in the MDP's fourth quartile were more likely to be classified in the second (men) and third (men and women) tertile of LTPA, and these associations remained significant after adjustments by age, body fat and WHtR.
After age adjustment, a negative significant association was found in both sexes between the 30-s Chair stand and 6-min walking tests with the WDP (Table 5 ). Contrarily, a positive significant association was found between the 30-m Gait speed and the 8-foot Time Up-and-Go (except in men) with the WDP (P < 0.001). However, while the 30-s Chair stand (in men) and the 6-min walking tests (men: P = 0.082, women: P = 0.022) were positively associated with the MDP, the 8-foot Time Up-and-Go (in men) and the 30-m gait speed (men: P = 0.005, women: P = 0.088) tests were negatively associated with the MDP. After additional adjustments for body fat and WHtR, the associations with the WDP remained significant, and only the association between the 30-m gait speed test and the MDP in men remained significant.
Discussion
The main finding of the present study is that participants classified in the fourth quartile of a MDP (i.e., characterized by high intake of whole grain bread, rice, fish, fruits, vegetables, potatoes, legumes, nuts, olives and extra-virgin olive oil, honey, jam, and spices) were more likely to practice LTPA, and this association was independent of body composition. Additionally, MDP was associated with a faster gait speed in men. In contrast, a WDP (i.e., characterized by high intake of refined grain bread, rice, pasta, whole dairy products, seafood, meats, potatoes, non-extra virgin olive oils and non-olive oil fats, processed meals, bakery, chocolate, sugar, sauces, spices, salt, and commercial juices) was associated with slower gait speed, and lower body strength, agility (in women), and aerobic endurance.
A healthy diet, such as a MDP, has usually been associated with a healthier lifestyle [40] , while a WDP has been linked to less healthy behaviors [41] . Healthy diets have also been inversely associated with frailty [1, 5] . Shikany et al. [9] found that among 5925 men aged ≥65 years enrolled in the Osteoporotic Fractures in Men Study (MrOS), overall diet quality was inversely associated with current and future frailty status. Several cross-sectional [1, 8] and longitudinal [5, 6] studies have also observed an association of higher adherence to the MD-measured with the Mediterranean Diet Score (MDS) and/or the Mediterranean Diet Adherence Screener (MEDAS) score-with lower odds of developing frailty compared with those with lower adherence. These studies associated higher adherence to the MD with lower risk of low physical activity [5, 8] and low walking speed [5, 6, 8] , but no with feelings of exhaustion and poor muscle strength [5, 8] . Faster walking speed in community-dwelling elderly people (aged ≥70 years) with higher adherence to the MD-assessed by the MDS-after adjustment for potential confounders (i.e., age, race, sex, site, education, smoking, physical activity, energy intake, health status, depression and cognitive score) has also been reported [4] . These differences remained significant over eight years, suggesting a long-term effect of diet on mobility performance with aging [4] . Similarly, an inverse association between a prudent dietary pattern (i.e., characterized by high intake of olive oil, vegetables, potatoes, legumes, blue fish, pasta, and meat) comparable to the MDP, and frailty has been reported [41] . In the present study, while a higher adherence to the MDP was associated with faster gait speed in men, the WDP was associated with a slower gait speed in both genders after adjusting for potential confounders such as age, body fat, WHtR and METs.
Lately, an inverse association between the risk of frailty with consumption of fish and fruit has been pointed out [6] . It was also found that community-dwelling older adults (aged 59 to 73) whose diets were characterized by high consumption of fruit, vegetables, whole wheat bread and fatty fish had higher handgrip strength [42] . Furthermore, it was also reported that while consumption of lean fish and shellfish was not related to grip strength, in comparison with no consumption, consuming fatty fish more than once per week was associated with a gain in handgrip strength of around 3 kg [42] . In our study, a WDP, characterized by seafood but no fish consumption, was associated with lower body strength, agility (in women) and aerobic endurance. In this line, Rousseau et al. found modest positive significant correlation between reported omega-3 fatty acids (i.e., the main source of the parent compounds responsible for omega-3 fatty acids metabolites) and leg strength, but modest negative significant correlation between reported omega-3 fatty acids and time to rise from a chair [43] .
The association of dairy consumption (milk, yogurt and cheese) with physical fitness in 1456 older women (aged 70 to 85 years) showed that those in the third tertile had significantly greater appendicular skeletal muscle mass, greater handgrip strength and 26% lower odds for a poor Timed Up-and-Go test, suggesting an association of high dairy intake with better physical fitness in this population [44] . In our study, while the MDP was not associated with dairy consumption, the WDP was characterized by high intake of whole dairy products. Nevertheless, WDP was positively associated with 8-foot time up-and-go test in women, suggesting poor agility among women with higher adherence to the WDP. Therefore, our results seem to indicate that the MDP might maintain a protective effect on healthy physical fitness, but that WDP might be a contributor to less physical fitness, and therefore, to frailty. WDP evinced an increased risk of slow gait speed and lower body strength, agility and aerobic endurance, as has been previously observed [41] .
Strengths and Limitations
This study has several strengths. Objective and validated physical fitness measurements were obtained in healthy Spanish older adults. The associations of healthy and unhealthy dietary patterns (MDP and WDP, respectively) and physical fitness were also assessed in this population, controlling potential confounding factors. This study has also several limitations. First, the present cross-sectional design gives limited ability to elucidate causal relationship between decline in physical performance and dietary patterns. Moreover, because of the cross-sectional study design we cannot say anything about if our WDP contributes to the occurrence or diagnosis of frailty. Second, the potential lack of generalizability of results due to the select nature on including participants from only two places as well as the sample size obtained. Third, despite the guidance of licensed dietitians, diet was self-reported. Although a validated FFQ was used, we cannot rule out some recall bias.
Conclusions
The MDP is associated with more time spent on LTPA, and this association was independent of body composition and a fast gait speed in men. The WDP is associated with slower gait speed and lower body strength, agility and aerobic endurance. Therefore, adherence to MDP contributes to a protective effect on healthy physical fitness, and WDP may be a frailty contributor. Older adults are priority targets for action. Then, they should recover the MDP and its health benefits. Early management of healthy nutrition patterns, as the MDP is, and a multicomponent training exercise program (strength, flexibility, agility, and endurance) should be encouraged to maintain physical fitness and health among older adults.
